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Fig. 1. Schematic diagram of the binary-amplitude achrom-

atic super-oscillatory lens (A-SOL).
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Fig. 2. Intensity and phase distribution of radially polarized beam: (a)—(c) Optical field intensity distributions of 405, 532 and

632.8 nm, respectively; (d)—(f) the corresponding optical field intensity and phase distributions along the radial direction through

the center of the optical field.
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Fig. 3. Design method of binary-amplitude achromatic super-oscillatory lens (BP-ASOL).
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Fig. 6. (a) Normalized distributions of optical field intensity on the propagation plane and the focal plane at A; = 405 nm, Ay, =

532 nm and A3 = 632.8 nm incidence; (b) intensity profiles along the radial direction across the center of the focal spot.
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Fig. 7. (a)—(c) Distributions of optical field intensity on the propagation plane and the focal plane at A\; = 405 nm, Ay = 532 nm
and A3 = 632.8 nm incidence; (d)—(f) intensity profiles and phase profiles along the radial direction.
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Table 1.  Comparison of theoretical calculation and numerical simulation results of binary amplitude-type achromatic SOLs.

o A; = 405 nm Ay = 532 nm A3 = 632.8 nm
BLiiS7 i & Bt i & BLiibii fliH
SR /A 24.894 25.105 24.948 25.106 25.211 25.105
HAE LR 0.970 0.970 0.970 0.970 0.970 0.970
DAY i A2 T 0.462), 0.441), 0.468), 0.469, 0.429), 0.427X5
S LR 10.3% 12.5% 11.6% 12.6% 13.4% 14.2%
o] D1 77 5 A R 0.515), 0.516), 0.515), 0.516), 0.516), 0.516,

1T TR TR R R o B (22 LeAR 2, 3k RN TR RS AR
£y NBE o RN LR IERAE S S 2 2 8] BT I “AEIREFIALE, AR IS PR Bl
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Abstract

The far-field super-resolution focusing devices possess characteristics such as super-resolution focusing,
achromatic, small size and easy machining, which make them highly promising in optical imaging, optical
microscopy and lithography. In this work, we propose a binary-amplitude modulation-based method for
generating far-field super-resolution achromatic focusing. By using the principles of optical super-oscillation,
combined with angular spectral diffraction theory and binary particle swarm optimization (BPSO), we optimize
the binary amplitude-type far-field super-resolution focusing devices, which have an identical radius of 100\ but
different focal lengths: Ay = 405 nm, Ay = 532 nm and A3 = 632.8 nm, respectively. Additionally, an achromatic
metalens is integrated by using Boolean AND operation. To assess the feasibility of our proposed approach,
numerical simulations are conducted via COMSOL Multiphysics employing FEM analysis. The simulation
results demonstrate that the generated spots are located at 25.105X, 25.106\, and 25.105\, respectively. The
corresponding full width at half maximum (FWHM) values are 0.441\; (0.179 pum), 0.469X, (0.249 pm) and
0.427X3 (0.270 pm), which are smaller than the Abbe diffraction limit, and the far-field super-resolution
achromatic focusing is realized. The sidelobe ratios are at low levels, i.e. 12.5%, 12.6%, and 14.2%. The binary
amplitude-type far-field super-resolution achromatic devices have the advantages of easy machining,
achromatism and super-resolution, and are suitable for miniaturization and integration of optical systems.
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